It had been stated that pigmentation, low blood-pressure and low blood-sugar had no counterpart in adrenalectomized animals, but this was no longer true if adrenalectomized animals were kept in a chronic state of insufficiency by inadequate doses of cortical extract. Wasting was a very important manifestation of adrenal insufficiency both in animals and man. Sun, friction, pressure and irritation, were accessory factors determining the site and depth of pigmentation. The latter might precede the general symptoms by some fifteen years, or in acute fatal cases might never be present. Similarly, in cases under treatment with cortin, where an acute crisis was actually precipitated by other factors, such as infection, death might occur before there was time for the pigment to appreciably increase. Cortin influenced both the dissolution and the deposition of pigment. In some cases there was a return to good health without a marked decrease in pigmentation. Aversion to fat might be associated with abnormal carbohydrate metabolism. Abdominal pain might simulate gastric ulcer, rena -or gall-bladder disease; if the pain radiated to the shoulder, it suggested diaphragmatic involvement. Loin tenderness was an important sign in tuberculous Addison's disease, and increased with exacerbations of FEB,-CLIN. 1 the pathological process. Diarrhoea was intermittent and often associated with long periods of constipation. Drastic purgatives were strongly contra-indicated and might precipitate a crisis. Yawning, stretching, conjunctivitis and hiccoughs constituted an important group of symptoms, often overlooked, but of diagnostic and prognostic significance ; the latter two in particular were indications of insufficiency. The blood-pressure in Addison's disease might remain normal until the late stages, but was usually chronically low. It tended to vary with the general condition of the patient, with or without treatment. It was of interest to note that the blood-pressure tended to fall at the time of the menstrual period whether menstruation occurred or not; in crisis there was an additional acute fall, the latter (unlike the chronic low pressure) being due to diminution of blood-volume. Cortin might remedy this acute fall rapidly, within perhaps twenty-four hours, but the chronic low pressure did not tend to become normal for some weeks. In some cases the general condition became quite satisfactory without any appreciable rise of the blood-pressure. Observations about the blood-pressure also applied to a large extent to the blood-sugar, and variations of these two factors tended to be associated. Together with the low blood-sugar there was a diminution in hepatic and muscle glycogen, an apparent increased carbohydrate tolerance, and a hypersensitivity to insulin. HypoglycEemic attacks might occur. The low blood-sugar had been held responsible for irritability, and inability to respond to extra effort.
The secondary anaemia was probably a sequel to achlorhydria, but both were not essential features of Addison's disease. The anemia responded to iron therapy. It might be obscured by a diminution of blood-volume. Huth believed that the adrenal cortex was specifically concerned with the formation of red cells. Hyperplasia or tumour of the adrenal cortex might be associated with polycythemia. The relative lymphocytosis was an important feature and was by no means necessarily associated with a secondary ana3mia. The relative lymphocytosis that occurred in adrenalectomized animals might be corrected by cortin, and it had been suggested that agranulocytosis was dependent upon malfunction of the adrenal gland (Britton and Corey) . Eosinophilia was probably associated with the pigmentation (Panton). Dehydration, concentration of the solid constituents of the blood, and a decrease in blood-volume, were very important features of the more severe phases of Addison's disease. The dehydrated appearance of the patient indicated an inability of the tissues to absorb water. Intraperitoneal saline injected into an adrenalectomized rat was not absorbed unless cortin was given at the same time. This was true of subcutaneous saline in Addisonian crisis. Also intravenous saline was not maintained in the circulation without the addition of cortin. The increase in blood urea seen in the subacute and acute phases was an expression of the decreased blood-volume, but terminally there was also a failure of renal function.
The basal metabolic rate was often normal, but subnormal in some cases, especially in crisis. A chronic subnormal temperature with periods of irregular pyrexia occurred in Addison's disease, and a marked sensitivity to cold was also a feature. The maintenance of temperature seemed to be an important function of the adrenal cortex, and cortin possessed the power of raising the temperature of hypophysectomized rats.
Treatment.
It was justifiable to compare the efficiency of cortin in Addison's disease with that of insulin in diabetes mellitus, but one must recognize the practical difficulties associated with the large doses necessary for adequate therapy. The cortical extract at present available was too weak for a convenient and easily applied form of therapy except in the less severe cases. The maintenance dose of cortical extract for different species was: rats J to 1 c.c., dogs 1 to 2 c.c., cats 2 to 3 c.c., monkeys 6 to 12 c.c., and man 10 to 20 c.c. For repeated administration the intramuscular or subcutaneous route was more convenient than the intravenous, and avoided the occasional occurrence of unpleasant reactions. Patients in crisis not infrequently had a rigor following intravenous salines and glucose administered with the usual precautions, and for this reason slow continuous intravenous salines and glucose by the drip method was preferable. If monkeys were allowed to remain in crisis for too long a period a condition of irreversibility developed, and this appeared to be true in man. Cortin did not appear to prevent the progress of the tuberculous or atrophic lesion, and it might therefore be necessary to increase the rnaintenance dose. Adequate doses, however, did appear to improve the function of the unaffected remnant of the gland, and permit in some cases a progressive decrease in the maintenance dose. Some patients were able to leave off cortical extract for some months or longer, and this suggested a temporary recovery of function or perhaps a storage of cortin. It indicated that intermittent therapy with large doses might be a reasonable proposition. As in diabetes, infection severely impaired the function of the remnant of the adrenal gland, and an immediate doubling of the maintenance dose was called for.
Accessory methods of treatment were: adrenalin by injection and by mouth, whole dried gland by mouth, Rogoff's extract by mouth, sodium chloride (Loeb), vitamin C, cotton seed oil, glucose, fluids, and tuberculin. The sodium chloride treatment of Loeb was based upon the finding of low blood-chloride values and increased chloride excretion in Addison's disease and in adrenalectomized animals. As regards the use of cortin in conditions other than Addison's disease, there was no con-vincing evidence of its value in myasthenia gravis, muscular dystrophies, most types of neurasthenia, essential hypotension, and hyperthyroidism. It was reasonable, however, to consider its use in certain cases of pregnancy, infection, post-infective debility, or the dehydration phases of chronic intestinal obstruction, severe operations (especially with previous malnutrition), pyloric obstruction, marasmus, diarrhoea and vomiting; also in hypocorticalism; including, perhaps, one variety of neurasthenia (Leyton) .
The methods of assay of cortical extract were based on its effects in adrenalectomized animals, including maintenance of weight, power of muscular contraction, ability to do work, maintenance of temperature, rate of growth, increase in bloodsugar, and in hepatic glycogen, resistance to histamin and typhoid vaccine.
Although the cortex was the part of the adrenal gland essential to life, yet there was some indirect evidence that a pathological medulla played some part in the symptomatology of Addison's disease. When one remembered that adrenalin could influence blood-pressure, blood-sugar, basal metabolic rate, temperature, pigmentation, muscle tone, capillary tone and plasma volume, and that it was effective to some extent in Addison's disease and after adrenalectomy, it was difficult to ignore the potential results of an absence of adrenalin (or chemical precursor) in Addison's disease. Further evidence of a functional association between the cortex and medulla was the fact that the concentration of cortin was greatest in the zone of the cortex nearest the medulla (Harrop).
With the co-operation of Dr. G. Vilvandr6 it had been possible to demonstrate an interesting local action of adrenalin on the gastro-intestinal tract. If 1 to 2 drachms of 1: 1,000 adrenalin were taken by mouth by a normal individual, pain was felt in the right epigastrium passing downwards and (a little later) below and to the left of the umbilicus. Radiological examination showed this to be associated with an active jejunal contraction. The pain might be preceded by a sensation of coolness in the corresponding areas. These preliminary experiments indicated why adrenalin by mouth (or whole suprarenal gland) might cause abdominal pain if the dose were too large. Although tremors and a constricting feeling in the chest, etc., sometimes followed large doses of adrenalin by mouth, a rise of blood-sugar did not occur and an appreciable rise of blood-pressure was exceptional both in normal man and in Addison's disease. With the co-operation of Dr. C. E. Brunton the effect of adrenalin by stomach tube (1 to 4 c.c. of 1: 1,000 solution) was tried in a spinal and in a decerebrate cat. No appreciable rise of blood-pressure resulted.
An interesting recent finding was the high concentration of vitamin C in the cortex; also it had been claimed that vitamin C decreased the pigmentation of Addison's disease. Cortical extract, however, did not contain vitamin C. Scurvy and pellagra might occur in Addison's disease, and Addison's disease might occur in chronic pellagra. Malnutrition resulted in hypertrophy of the adrenals, followed by congestion, haemorrhage and atrophy. Cortical extract protected against deficiency of vitamins B and C, but not against deficiency of vitamin A (Lockwood and Hartman).
Adreno-genital syndrome.-The clinical manifestations of adrenal tumours were: pseudo-hermaphroditism (masculinization) ; homosexual precocity in both male and female and heterosexual precocity in the female ; masculinization of the female and feminization of the male. In contrast, adrenalectomy and some cases of Addison's disease might show the following features: cessation of aestrus, abortion, absence of lactation, degeneration of testes, atrophy of seminal vesicles, and changes in the pituitary gland. Injections of cortical extract and cortical transplants were, however, disappointingly negative. Further, cortical extract did not repair the atrophy of sex organs following hypophysectomy; nor did it apparently influence the action of testicular extract or of prolan (Korenchevsky and Levy Simpson). It would seem that the secretion of the cells of a cortical tumour (or even of a cortical hyperplasia) was different in quality from that of a normal adrenal gland. Elliot (1914) had pointed out that the cells of the normal adrenal cortex were embryologically closely related to the sex glands. Krabbe (1921) had postulated that adrenal tumours arose from fmetal testicular cells which had been absorbed by the adrenal cortex in a phase of development. Geschickter (1933) observed such undifferentiated cells beneath the capsule of normal suprarenal glands. The fact that patients with virilism and tumour or hyperplasia of the adrenal cortex not infrequently suffered from symptoms of Addison's disease (weakness, pigmentation) suggested that the hyperplasia in these cases was not of those cells that normally secrete ccrtin. Leyton had recently suggested the need for a closer microscopic study of the adrenal gland. Broster and Vines (with the clinical collaboration of Gardiner Hill) had found that the adrenal cortex in cases of virilism, unlike the normal adrenal cortex, was stained deeply by Ponceau fuchsin dye. Another approach was the biological one, and in a case (B. C., p. 35) of masculinization of a female with enlarged clitoris (shown at the meeting) the urine appeared to contain a high content of the male comb-growth-stimulating hormone (Levy Simpson, Macbeth, Adler, de Fremery). If this preliminary observation were confirmed, it was of considerable significance and might differentiate certain types (or perhaps certain phases) of masculinization. Possibly also a chemical extract made from the adrenal gland of a patient with virilism would, unlike cortical extract, produce an effect on the gonads.
Cushing had made an invaluable contribution to the present subject by drawing attention to the occurrence of a basophilic adenoma in certain types of masculinization, etc. In these cases there was generally a hyperplasia of the adrenal glands, probably secondary. There was, however, no reason for believing that primary tumours of the adrenal glands did not occur and, if time permitted, did not lead to secondary changes in the anterior pituitary in the direction of basophilia. There was a good deal of clinical and experimental evidence showing a close relationship between the adrenal gland and the pituitary gland (anterior lobe); thus hypofunction of the latter resulted in many manifestations that occurred with hypofunction of the former, both clinically and experimentally: low blood-sugar, hypersensitivity to insulin, increased carbohydrate tolerance, low blood-pressure, subnormal temperature, 92i 386 low basal metabolic rate, impaired sexual function, emaciation, asthenia. Hypophysectomy resulted in atrophy of the adrenal cortex, 'whereas adrenalectomy produced a diminution of the gonad-stimulating capacity of the pituitary, and certain microscopic changes. Extracts and grafts of the pituitary produced hyperplasia of the. adrenal cortex. Some authors claimed to produce hypertrophy of the' pituitary by cortical extract. In human pathology a basophilic adenoma of the pituitary had been found in association with: (1) hyperplasia; (2) adenoma; (3) carcinoma of the adrenal cortex. The changes in the adrenals might well be secondary, but it was very probable that primary carcinoma of the adrenal cortex occurred and resulted in an increase in the number of basophil cells of the pituitary' gland. In some cases there might not be time for any secondary changes in the pituitary gland to occur. An apparently normal adrenal cortex had been described in association with a basophilic adenoma and Cushing's syndrome, but no special stain, such as Ponceau fuchsin, had been applied. The usual conception of the influence of the anterior pituitary gland on the homosexual glands was that of a stimulating one, but it would appear from a study of Cushing's syndrome that if the basophilic adenoma influenced the homosexual glands it was entirely an inhibitory influence. This seemed to be a very significant point. It might be that when the homosexual organs of an individual were inhibited, there was a spontaneous development of a heterosexual rudiment latent in all individuals. Looking through the case histories of Cushing's syndrome recorded in his book, there appeared to be no record of hypertrophy of the clitoris, or in the male of any mammary enlargement. Hypertrichosis could apparently occur with defective male sexual function such'as delayed puberty in a male of 20. It was important to remember that Gushing's syndrome could occur in the absence of a basophilic adenoma, such as was seen in the male patient of Leyton, Turnbull and Bratton, and the female patient of Kepler (Mayo Clinic). In these cases the major lesion was a carcinoma of the thymus, and the thymus is an organ which is known to inhibit homosexual function.
Hypertrichosis in women occurred not only with adrenal tumours and pituitary basophilic adenomas, but also in more physiological circumstances such as pregnancy and after the menopause. In all these conditions there was hyperplasia of the adrenal cortex. Mild virilism in women was an extremely common condition and every phase could be found, from accepted normality up to obvious extreme virilism.
It was perhaps inadvisable to indulge in much arm-chair theorizing. The pituitary factor introduced by Cushing, and the new Ponceau fuchsin stain for the adrenal cortex introduced by Broster and Vines, were two new considerations with which the morbid anatomist would build up a more certain patholody in the future investigation of these cases. Further, there was a great field of activity for the biochemist, physiologist, experimental pathologist, and clinician, before the whole story of the adrenal glands and their relation to the anterior pituitary could be elucidated.
